Is the Immune System Impaired in Patients with
Severe Acute Respiratory Syndrome?
Sir-Cui et al. [1] recently described pronounced lymphopenia and low counts of CD4 + cells, CD8 + cells, and B cells in patients with severe acute respiratory syndrome (SARS). On the basis of these low cell counts, Cui et al. [1] suggested that SARS coronavirus (SARS-CoV) might damage lymphocytes and concluded that the immune system was impaired during the course of SARS. However, Cui et al. [1] did not provide direct evidence to support their hypothesis.
Low counts of both CD4 + and CD8 + cells in the peripheral circulation do not always indicate that the immune system is impaired: redistribution of lymphocytes among peripheral and secondary lymphoid organs and migration of these cells to inflamed tissues caused by infections may also result in lymphopenia. Postthymus naive T cells do not reside in any single lymphoid organ but, rather, circulate continuously between blood and lymph through a specialized T cell zone in secondary lymphoid tissues, which forms part of the "recirculating lymphocyte pool." Neither splenectomy nor ablation of bone marrow by radioactive isotope therapy reduces the number of lymphocytes, and thymectomy in adult mice causes only a very slow decrease in the size of the recirculating lymphocyte pool. These findings suggest that splenic atrophy and pathological changes in lymph nodes observed in patients with SARS [2] [3] [4] were not the causes of lymphopenia. Although SARSCoV RNA was detected in PBMCs obtained from patients with SARS [5] , no SARS-CoV was recovered from splenic, lymphatic, and bone marrow specimens obtained from patients with fatal cases [3] . This finding indicated that the pathological presentations in lymphoid organs were unlikely to have been directly caused by the virus.
If SARS-CoV was directly detrimental to lymphocytes, the damage should start at the beginning of infection and continue through the incubation period, resulting in a decreased lymphocyte count after the onset of SARS. However, although most patients had mild to moderate decreased lymphocyte counts during the early phase of illness [6, 7] , many patients had normal lymphocyte counts at the onset of symptoms, and some even had increased CD4 + and CD8
+ cell counts during the first week of illness [3] .
Clinically, there is no evidence that the onset of SARS is associated with impairment of the immune system. SARS is characterized by respiratory symptoms and signs correlated with pulmonary lesions caused by SARS-CoV infection. At the time of writing, no report has shown that the initial manifestation of SARS is caused by immunosuppression (e.g., AIDS), and only a small portion of the patients have had secondary bacterial infections-which were easily treatable-during the late course of illness, despite receipt of corticosteroid treatment [8] . The effectiveness of corticosteroid therapy in stopping the progression of pulmonary lesions in patients with SARS also suggests that SARS is not associated with the impairment of the immune system but is associated with immunopathological damage [9] .
Cui et al. [1] also found that 76% of patients with SARS had a low B cell count. However, the immune function of B cells in patients with SARS appeared not to have been impaired, because specific anti-SARS-CoV was detected as early as day 10 after the onset of illness [8] , 93%-100% of the patients had seroconversion to anti-SARS-CoV after week 3 [8, 10] , and the level of specific IgG remained high for at least 3 months [10] .
In conclusion, although lymphopenia does occur in patients with SARS, no evidence supports the position that SARSCoV damages lymphocytes. Humoral immune response to SARS-CoV is not damaged in patients with SARS. Before in vitro and in vivo cellular immune responses are investigated, it would be cautious to conclude that the immune system is impaired in patients with SARS. [3] demonstrated that, in patients with SARS, lymphopenia was observed in various lymphoid organs, there were scanty numbers of lymphocytes in exudates from inflamed lungs, and lymphocytosis was not found in any organs. In another article [4] cited by Zhou and Chen [1] , hemorrhagic necrosis and attenuation of lymphocytes were also evident in lymph nodes and spleen specimens obtained from patients with SARS, which is direct evidence of damaged immune organs and tissues in patients with SARS. On the basis of these findings, Lang et al. [4] concluded that the severe damage to the pulmonary and immunological systems was responsible for the clinical features of SARS and might result in patient death [4] . Ding et al. [5] reached the same conclusion. They note that "SARS is a systemic disease that injures many organs. The lungs, immune organs, and systemic small vessels are the main targets of virus attack so that extensive consolidation of the lung, diffuse alveolar damage with hyaline membrane formation, respiratory distress, and decreased immune function are the main causes of death" [5, p. 282] .
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At the time of writing, there is still no evidence to support the view of Zhou and Chen [1] that lymphopenia is due to the redistribution and migration of lymphocytes. With respect to the expression of lymphocytes and their subsets, Li et al. [6] arrived at a conclusion identical to the one we reported [7] . Therefore, we believe that the hypothesis that SARS-CoV may damage the immune system might be supported by recently published studies.
We believe that Zhou and Chen [1] need more data to support their conclusion that the immune function of B cells in our patients appeared not to be impaired because specific anti-SARS-CoV could be detected as early as 10 days after the onset of illness. Although anti-SARSCoV was observed in patients with SARS, it was not proper to conclude that B cells in these patients were unimpaired, because the extent of impairment might be different and because the function of B cells was not limited to the production of antibody. The fact that 76% of our patients with SARS had low B cell counts could imply that B cells were damaged by SARSCoV, although the damage was not too severe to affect the production of antibody.
There are still too many unanswered questions about SARS. Although the incidence of SARS has subsided in Beijing, more investigations are underway. We welcome different opinions and suggestions as we continue our research.
